Low health-related quality of life (HRQoL) has been consistently reported to be associated with poor prognosis for a variety of health outcomes in various settings. We aimed to evaluate whether HRQoL in patients presenting with new diabetic foot ulcers (DFUs) has prognostic significance for ulcer healing, major amputation, and death.
Diabetic foot ulcers (DFUs) are difficult to treat and heal slowly. In many cases, they become chronic in spite of adequate treatment (1, 2) . To illustrate the extent of the problem, in a European study of DFU patients treated in specialized foot clinics, 12% were still undergoing treatment, 5% had had a major amputation, and 6% had died 1 year after presentation (3) . Treatment failure is influenced by a number of pathophysiological factors related to the foot (such as infection, ulcer size, and localization), related to the leg (such as the degree of arterial perfusion and peripheral neuropathy), and related to the patient (such as comorbidities, glycemic control, compliance, and demographic factors) (3) .
Already at the initial presentation in the foot clinic, DFU patients report severely hampered health-related quality of life (HRQoL) (4) . Several studies have clearly shown that self-assessed health status is an independent predictor of mortality in a general population, beyond the numerous other risk factors known to be associated with increased mortality (5) . Specifically in patients with DFU, a significantly increased risk of amputation has been reported when the patient lacks social connectedness (6) , and depression, confrontation coping style, and low HRQoL were observed in patients with a nonhealing DFU (7, 8) .
The present analysis of data from a large prospectively followed cohort of people with new DFUs (the Eurodiale [European Study Group on Diabetes and the Lower Extremity] study) was undertaken to evaluate whether initial HRQoL had prognostic significance with regard to ulcer healing, amputation, and death. Standardized evaluation of HRQoL may in these patients be an additional tool in the assessment of the prognosis and can be the starting point for the development of supportive initiatives for improving quality of life from a patient perspective.
RESEARCH DESIGN AND METHODS

Study Design and Population
The Eurodiale study was an observational, prospective study with the aim of investigating the factors that determine clinical and HRQoL outcomes as well as health care consumption in patients with new DFUs. It was a multicenter study in 14 centers with longstanding expertise in the field of diabetic foot disease in 10 European countries. The design and rationale of the study has been described in detail elsewhere (9, 10) . The ethical committees relevant to the 14 study centers all approved the study protocol.
All diabetic patients presenting for the first time with a new foot ulcer in one of the Eurodiale centers between 1 September 2003 and 1 October 2004 were included in the study. Patients treated for an ulcer on the ipsilateral foot during the preceding 12 months and patients with a life expectancy shorter than 1 year were excluded. All patients gave prior written consent.
All patients were treated according to protocols based on the International Consensus on the Diabetic Foot, which included offloading, regular wound debridement, diagnosis and treatment of infection, critical ischemia, and foot deformities. Furthermore, included patients were monitored on a monthly basis until healing of the foot, major amputation, or death (the three primary clinical study outcomes) up to a maximum of 1 year. An ulcer was considered healed if the skin was intact on the whole of the foot at two consecutive visits. If more than one ulcer was present, the foot was defined as healed once all ulcers were healed. Major amputation was defined as an amputation through the ankle or above.
At presentation, data on demographics, comorbidities, and foot-and ulcerrelated characteristics were recorded on standardized case record forms. Additional HRQoL data were collected on a separate form. All information was recorded by dedicated investigators in each center who were trained during plenary meetings and on-site visits that took place prior to and during the study. The methods and definitions used during collection and analysis of the data from the standardized case record forms have been described in detail previously (9) .
HRQoL was measured by EQ-5D, which is a standardized instrument for use as a measure of health outcome (www.euroqol.org). EQ-5D consists of five domainsdmobility, self-care, usual activities, pain/discomfort, and anxiety/ depressiondcorresponding to five simple questions, which easily can be used as part of a clinical interview, with three response options: no problems, some problems, and severe problems. The five domains of EQ-5D can be combined into a single aggregated measure scoring 0 (lowest HRQoL) to 100 (highest HRQoL) (11) . It additionally includes a visual analog scale (VAS), also scoring 0 (lowest HRQoL) to 100 (highest HRQoL), for recording an individual's global rating of current HRQoL. Finally, the five domains can also be aggregated into a social tariff index that represents the value society attaches to the EQ-5D responses, scoring 20.594 (lowest tariff) to 1 (highest tariff) (12) . EQ-5D is translated into the 10 languages relevant for the current study. Permission to use EQ-5D in the Eurodiale study was obtained from the EuroQol group.
Statistical Analysis
The predictive values of each of the five EQ-5D domains, the aggregated score, and the VAS were analyzed as hazard ratios (HRs) from Cox proportionalhazard regression models for the three primary study outcomes: 1) time from presentation to healing, where an HR ,1 indicates a lower rate of healing in the corresponding category as compared with a baseline category; 2) time from presentation to death, where an HR .1 indicates a higher death rate in the corresponding category as compared with a baseline category; and 3) time from presentation to major amputation, where an HR .1 indicates a higher rate of amputation in the corresponding category as compared with a baseline category. Note the use here of rate to indicate the hazard, which is the probability of experiencing the event studied at a certain time in the follow-up. For instance, an HR of 2 means that at any time point during follow-up, the patients in the corresponding category are twice as likely to experience the outcome as patients in the baseline category. For each of the three outcomes, the outcome was censored at the event time if any of the other two outcomes occurred first or at 1 year if none of the outcomes occurred in the 1-year followup. Each of the analyses were done unadjusted as well as adjusted for ulcer severity characteristics only and adjusted for ulcer severity characteristics and comorbidities.
The proportional-hazard assumption was tested by adding the interactions of each of the independent variables in the model with the logarithm of event time to the model, a joint test of these interactions tests the assumption. On violation of the proportional-hazard assumptiondi.e., one or more of the interactions was significantdthe hazard function was estimated separately within strata of the corresponding covariates as to be able to assume proportional hazards for the remaining variables in the model, notably, the EQ-5D assessments. The stratified estimation of the hazard function was constructed sequentially, adding to the stratification the covariate with the lowest P value for the interaction until the joint test of all remaining interactions was insignificant.
RESULTS
Of the 1,232 patients initially enrolled, an outcome could not be established for 144 (12%) due to noncompliance, due to an inability to follow the patient, or because care had been taken over by other specialists. At presentation, these patients were slightly older and had higher prevalence of heart failure, deeper ulcers, and ulcers of longer duration than those included (10) . The remaining 1,088 were followed until healing (76.9%), major amputation (4.6%), or death (6.4%) up to a maximum of 1 year. No baseline HRQoL data were collected for 73 (6.7%) of these 1,088 patients, so the effective analysis sample consisted of data from 1,015 patients. Table 1 shows the distribution at presentation of the patient and ulcer characteristics and the HRQoL data. At presentation, the prevalence of mobility limitation and pain are high, but also 41.1% of the patients report some degree of anxiety/depression, while only 27.7% report self-care problems.
While the unadjusted analyses show decreased healing for several EQ-5D domains and for the VAS, the aggregated EQ-5D, and the social tariff EQ-5D, these are fully explained by confounding by patient and ulcer characteristics ( Table 2) . Hence HRQoL does not seem to influence healing. However, especially the physical domains show significantly increased major amputation (mobility, self-care, usual activities) and death (self-care, usual activities, pain/discomfort), also after adjustment for DFU characteristics and comorbidities. Also, the aggregated EQ-5D and the social tariff EQ-5D are significantly related to major amputation and death, while the VAS shows similar relationships only to a lesser extent.
In the analyses on time to healing, evidence of violations of the proportional-hazard assumption were found for ulcer depth and ulcer size. Hence, except in the unadjusted analyses, the (baseline) hazard function was estimated separately in the (six) strata spanned by ulcer depth and size.
CONCLUSIONS
Measurements of HRQoL are established predictors of morbidity and mortality, as documented in a large number of studies in subjects without diabetes (5) . Thus initial poor HRQoL is a risk factor for chronic pain following cholecystectomy (13) and lumbar surgery (14) . HRQoL is a predictor for work ability and disability for patients with low-back or neck problems (15) , a measure with predictive value for dialysis patients' survival and hospitalization (16) , a predictor of survival for patients before admission to a intensive care unit (17) , and even a predictor for failure of surgical revascularization for critical lower limb ischemia with graft occlusion and amputation (18) . Since the present sample of DFU patients has low HRQoLdratings similar to that of, for example, recurrent breast cancer patients (19)dit therefore gives an adequate opportunity to assess the predictive effects of HRQoL for DFU patients.
The present analysis of people with a new DFU could not confirm HRQoL as independently related to wound healing as suggested previously (7). Discrepancies were expected since Ribu et al. used SF-36 (short-form 36) as measure for HRQoL and healing was obtained in only 37% after 1 year as compared with 77% in the current study (7) . In unadjusted analyses, we found decreased healing for several EQ-5D domains. As reported elsewhere, all domains of HRQoL at baseline were affected by both patient characteristics, such as inability to stand or walk without help, and by ulcer-related factors, such as ulcer size or limb-threatening ischemia (3, 4) . These factors are also associated with ulcer healing, which may further explain why we did not observe an independent effect of HRQoL on healing after correction for these factors.
Importantly, however, the present analysis documented that HRQoL was independently related to the occurrence of major amputation and death throughout the follow-up period. Adequate action to improve HRQoL may thus be an important part of a future limb salvage strategy, but this hypothesis remains to be tested in future studies. Such a new approach seems very relevant from a patient perspective, as current treatment is focused on biomedical interventions such as wound treatment, infection control, and revascularization. Our data also suggest that strategies that improve mobility, reduce pain, and enable the patient to better perform daily activities might also have beneficial effects on the outcome of a DFU. The nature of the relationship between low HRQoL and major amputation needs further exploration, possibly in a qualitative study.
Survival in people with DFU has been studied according to the type of ulceration (20) . The 5-year mortality rate was 11% in neuropathic ulcers, 25% in neuroischemic ulcers, and 29% in ischemic ulcers; these differences were explained primarily by age. People with diabetes have increased mortality (21, 22) , which is further increased in DFU patients (23) and which is of the same order as for patients with breast or prostate cancer (24) . This excess mortality cannot be fully explained by ulcer complications or comorbidity (25) , and our data show that a low HRQoL can be assessed as a mortality risk factor in accordance with the above studies summarized by Idler et 
al. (5).
Depression is quite common in people with diabetes, and it predicts DFU (26) . In people with DFU, depression has been found in one-third of patients, predicting increased mortality (27) , but other studies did not find an effect of depression (28) . Our data show 41% of DFU patients reporting anxiety/ depression, and there was no relation of self-reported anxiety/depression with either ulcer healing or treatment failure. Since conflicting results are noted, the value and mode of inquiry into depression and the effect of cognitive and medical therapy should be explored in future research in this important area.
A weakness of the current study is that HRQoL was not measured with a disease-specific scale, for example, the DFU scale (29) , which would yield more adequate HRQoL measurement. Studies that investigate HRQoL in patients with DFU mostly use the generic Rand SF-36 (30) (31) (32) , sometimes in combination with a disease-specific scale (29) . In contrast, EQ-5D is more used in studies on diabetes in general and its complications (33) (34) (35) . The current study is performed in 14 centers in 10 countries, and the EQ-5D was chosen as a measure of HRQoL because this instrument is easy to use in largescale surveys, thereby providing results of consistent quality and with minimum risk for missing data, and it is available in many languages. It was felt that a disease-specific measure, albeit preferable for scientific purposes, would not be practical for a large, multicenter study. The EQ-5D performs well in patients with diabetes (36) , and it is acceptable for DFU patientsdtypically of high age and with other diabetes complications (37) . Finally, the simple wording of the five EQ-5D items makes it particularly suited for use in clinical practice and implementation in a busy diabetic foot clinic. However, the inability of the EQ-5D in the present data to find certain well-documented effectsde.g., an effect of anxiety/ depressiondchallenges the sensitivity and usefulness of this instrument that already has been heavily criticized for its crudeness as measure for health status. NYHA refers to the New York Heart Association functional classification. Another weakness is the limitation of patient selection from specialized diabetic foot clinics who may not be representative for the diabetic population in general. Furthermore, we selected only patients with new foot ulcers who did not have a prior ulcer in the previous year and with an expected survival of at least 1 year.
The strength of the current study is the large number of patients from different centers all over Europe. This gives adequate statistical power for the various outcomes used in the present paper, even though the proportions of major amputations and deaths were small.
In conclusion, this report is to the best of our knowledge the first study assessing the predictive value of HRQoL measured with an internationally well-known instrument with respect to healing, major amputation, and mortality in people presenting with DFU. It is in-line with several reports documenting the ability of self-reported quality-of-life data to predict morbidity and mortality. In order to improve assessment of prognosis, it should be considered to routinely inquire into HRQoL with an instrument that may still have to be developed in future research and that can be administered quickly like EQ-5D but with higher sensitivity for DFU patients, notably in the mental domain. Moreover, patients with a DFU have frequently a very poor HRQoL and knowledge about how inquiry into HRQoL helps to predict treatment success may help to formulate a multidisciplinary treatment plan that not only is focused on biomedical factors, but also takes patient's experiences and perceptions into account. Author Contributions. V.S. researched data and wrote the manuscript. H.T. wrote the manuscript. P.E.H. and N.C.S. planned the study, collected data, and wrote the manuscript. M.K., J.A., E.B.J., A.P., K.B., M.E., A.J., D.M., G.R.T., H.R., M.S., L.U., V.U., K.v.A., and J.v.B. planned the study, collected the data, reviewed and edited the manuscript, and contributed to the discussion. V.S. and N.C.S. are the guarantors of this work and, as such, had full access to all the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis.
